Except for water-quality units of measure, only the "inch-pound" system is used in this report. Abbreviations and conversion factors from inch-pound to International System (SI) units are listed below.
Multiply
By To obtain Water-quality units of measure used in this report are as follows:
For concentration, milligrams per liter (mg/L), which are equivalent to parts per million for dissolved-solids concentrations less than about 7,000 mg/L, and picocuries per liter (pCi/L).
For temperature, degrees Celsius (°C), which can be converted to degrees Fahrenheit (°F) by using the formula °F=[(1.8)(°C)]+32.
ALTITUDE DATUM
The term "National Geodetic Vertical Datum of 1929 " (abbreviation, NGVD of 1929 replaces the formerly used term "mean sea level" to describe the datum for altitude measurements. The NGVD of 1929 is derived from a general adjustment of the first-order leveling networks of both the United States and Canada. For convenience in this report, the datum also is referred to as "sea level."
INTRODUCTION Purpose and Scope
Environmental concerns have resulted in laws and regulations dealing with ground-water quality. Yet, Federal and State water-quality monitoring efforts historically have been concentrated on protecting surface-water resources. The importance of protecting ground-water resources, however, was legislatively recognized in Section 106 of the Water Pollution Control Act Amendments of 1972 (Public Law 92-500), which included mandates for States to develop programs to monitor ground-water quality, and in the Safe Drinking Water Act of 1974 (Public Law 93-523), which specifies monitoring requirements for public water supplies and underground wastewater injection.
In response to requirements of Public Law 92-500, the Division of Environmental Protection of the Nevada Department of Conservation and Natural Resources was designated by the U.S. Environmental Protection Agency to establish and maintain a program to monitor ground-water quality in Nevada. The U.S. Geological Survey was asked to assist in the design of such a program to meet the objectives of Public Law 92-500. The Geological Survey's involvement has had two elements. The first was to develop general criteria for the design of a water-quality monitoring program. The second was to design specific monitoring networks to meet the objectives of the program.
The first element, development of program criteria, has been described by Nowlin (in press ). He recommended a plan that consisted of five parts, and suggested methodologies for accomplishing each. The five parts were: (1) A "background-quality" network to assess the existing ground-water quality, (2) a contamination-source inventory of known or potential threats to groundwater quality, (3) sampling networks to monitor ground-water quality in selected hydrographic areas, (4) intensive surveys of individual cases of known or potential ground-water contamination, and (5) a ground-water data file to manage information generated by the other monitoring elements. Additionally, Nowlin developed two indices to facilitate the rational assignment of priorities for monitoring ground-water quality in the 255 hydrographic areas of Nevada. These were the index of hydrologic-area priorities for monitoring networks and the index of development potential for "background" networks.
Las Vegas Valley has the highest priority in the State for a monitoring network according to the index of hydrographic-area priorities, and this report describes a monitoring plan for that 1,564-square-mile basin. The purpose of the network is to document long-term trends in ground-water quality. The network is designed to detect changes expected to occur because of (1) leakage of inferior water from adjacent aquifers, induced by pumping, (2) irrigation with treated municipal and industrial wastewater, (3) percolation from septic-tank leach fields, (4) irrigation with imported water from Lake Mead, (5) leaching of alkaline soils by applied irrigation water and (6) concentration of salts by consumptive use.
The proposed monitoring network is intended to provide an appraisal of ground-water quality, rather than the quality of "delivered" water (that is, water that has been stored or chemically treated). The network is not intended to treat problems associated with limited areas of known or potential acute ground-water contamination; it deals instead with larger scale areal problems. In particular, the network does not address directly the specific problems associated with industrial facilities near Henderson, which are listed as Uncontrolled Hazardous Waste Sites by the U.S. Environmental Protection Agency. The intensive monitoring of ground-water quality needed to document the extent and severity of problems near Henderson is beyond the scope of this basinwide program.
Previous Investigations of Ground-Water Quality
Several studies have dealt with ground-water quality in Las Vegas Valley since Everett Carpenter's pioneering work in 1915. Among the more pertinent studies and data compilations are the following (in chronological order): Hardman and Miller (1934) , Maxey and Jameson (1946, 1948) , Loeltz (1963) , Malmberg (1965) , Patt and Hess (1976) , Kaufmann (1978) , Dinger (1979) , and Nichols and Davis (1979) . Kaufmann's study is of particular interest because of his evaluation of water-quality changes with time (1978, pages 74-84) . The historical aspects of ground-water quality in the valley provide a valuable perspective with regard to current and future characteristics and trends.
Ac kn ow 1 e d gme n t s Appreciation is expressed to local residents for supplying data and permitting access to their wells during the field evaluation of network candidates. Well logs and water-level data for selected wells were obtained from the Las Vegas office of the Nevada Division of Water Resources. The Las Vegas Valley Water District, City of North Las Vegas, Nellis Air Force Base, Desert Research Institute, U.S. Water and Power Resources Service, and Clark County District Health Department provided valuable information on well construction and the suitability of wells for water-quality sampling.
Location System
The location system used in this report is based on a hydrographic-area number and the rectangular subdivision of lands, referred to the Mount Diablo base line and meridian. A complete designation of location consists of four units: The first is the hydrographic-area number, as defined by Rush (1968) ; for Las Vegas Valley, the number is 212. The second unit is a township number (with "S" indicating that the township is south of the base line); the third unit is the range number ("E" indicates east relative to the meridian); the fourth unit includes the section number, followed by letters designating the quarter section, quarter-quarter section, and so on (A, B, C, and D indicate northeast, northwest, southwest, and southeast quarters, respectively), followed in turn by a sequence number for wells and springs. For example, well 212 S20 E62 04CBC1 is in Las Vegas Valley within a 10-acre tract identified as SW|NW|SW| sec. 4, T. 20 S., R. 62 E., and it is the first well recorded in that tract. Because all wells listed in this report are in Las Vegas Valley, the hydrographic-area number is omitted.
In table 4, the Geological Survey site identification (ID) number also is indicated. The site ID, which is based on the grid system of latitude and longitude, indicates the geographic location of each site and provides a unique number for each. The ID consists of 15 digits: The first 6 digits denote the degrees, minutes, and seconds of latitude; the next 7 digits denote degrees, minutes, and seconds of longitude; and the last 2 digits (assigned sequentially) identify the site within a 1-second grid.
GEOHYDROLOGY OF THE STUDY AREAT
he Las Vegas Valley ground-water reservoir is a thick alluvial basin bounded on its sides and bottom by consolidated rocks. Total thickness of the sedimentary fill may be on the order of several thousand feet throughout much of the valley; however, the valley-fill deposits that compose the upper 700 to 1,100 feet contain the most productive aquifers and are the part most affected by pumping.
Water-yielding properties of the valley fill vary considerably from place to place. Generally, the most productive deposits are on the west side of the valley; deposits in the central part are predominantly fine grained and much less productive. Detailed stratigraphy of the valley-fill reservoir is complex, and individual beds of widespread extent are not common. Previous workers have grouped deposits into aggregated zones having similar hydrologic characteristics. The most generalized scheme is that used by Harrill (1976, pages 9-11) , in which the various zones are grouped into two units, the nearsurface reservoir and the principal aquifers.
The near-surface reservoir is a sequence of fine-grained, low-yield deposits generally 100 to 300 feet thick that forms the uppermost valley fill in the central part of the basin (Harrill, 1976, figure 4 ). This unit acts as a confining bed for the underlying principal aquifers. Ground water in the near-surface reservoir is both confined and unconfined.
Only those generalized features of the geology and hydrology that most strongly affect design of the monitoring network will be described in this section. If more detailed information is desired, the reader is referred to previous studies by Harrill (1976) , Malmberg (1965) , and Maxey and Jameson (1948) .
The upper boundary of the principal aquifers is formed by the base of the near-surface reservoir, or by the water table in peripheral parts of the valley where the near-surface reservoir is poorly defined. The lower boundary, though uncertain in places, is generally less than 1,100 feet below land surface. This unit supplies nearly all the water pumped by wells. Ground water in the principal aquifers is confined (artesian) in the central part of the valley, where upward leakage occurs through the overlying near-surface reservoir. Around the margins of the valley, the principal aquifers respond to pumping like an unconfined aquifer with delayed drainage of water. Interbedded horizons of caliche or cemented materials that hinder vertical movement of water are the most probable cause of the delayed drainage. The deeper peripheral parts of the principal aquifers respond like a confined aquifer.
The ground-water reservoir underlying Las Vegas Valley functions as a three-dimensional system. Water flows both horizontally and vertically; in consequence, hydraulic head and water quality vary with depth as well as with geographic location. Because of the interlayering of deposits of different permeability, water generally can move horizontally much more readily than vertically. Rates of vertical flow are characteristically low, but when the flow occurs over a large area, significant amounts of water may be involved. The general horizontal direction of flow in 1973 is illustrated in figure 1, which shows water-level contours for wells that penetrate the principal aquifers. The general direction of lateral movement is downgradient, perpendicular to the contours.
The vertical direction of flow is also indicated in figure 1. Where downward movement occurs in the central part of the valley, recharge at the water table must penetrate the near-surface reservoir before reaching the principal aquifers. Where downward movement is indicated around the margins of the valley (outside the area where the near-surface reservoir is recognized), beds of caliche in the principal aquifers provide some resistance to downward movement.
Conditions shown in figure 1 include the effects of many years of heavy pumping. Water levels in parts of the northwestern area of the valley have declined more than 200 feet below the predevelopment levels, and vertical flow of water has reversed from upward to downward over a large part of the valley. As of 1974, secondary recharge to the principal aquifers (exclusive of recharge from industrial tailings ponds near Henderson and from Las Vegas Wash) was estimated to have been about 10,000 acre-feet per year (Harrill, 1976, page 61) .
In 1971, following completion of the first phase of the Southern Nevada Water Project, large-scale importation of Colorado River water began (some imported water has been used by the city of Henderson and the Las Vegas Valley Water District for a number of years). As of early 1982, the first phase of the water project was capable of sustained maximum-capacity operation, and the second phase was expected to become operational by mid-year (D. L. Paff, Las Vegas Valley Water District, oral commun., January 1982). When the project is fully operational in the mid-1980's, it will be capable of supplying more than 300,000 acre-feet per year of Colorado River water to Las Vegas Valley. As a result, ground-water pumpage is expected to be cut from an estimated maximum of -6A-88,000 acre-feet in 1968 (Katzer, 1977, page 22) to about 50,000 acre-feet per year. Pumpage was about 71,000 acre-feet in 1979 and represented 38 percent of the total valley-wide water use (D. B. Wood, U.S. Geological Survey, oral commun., 1982). The two main impacts anticipated for the ground-water reservoir are that (1) reduced pumping will cause water levels in parts of the principal aquifers to rise, and (2) some percentage of the total water used will ultimately recharge the ground-water reservoir as return flow. This will also cause water levels to rise, or declines to lessen. If the recharge occurs in the central part of the valley, the rate of downward leakage may be less than the rate of recharge, because of the presence of low-permeability, finegrained deposits. Consequently, the water table may rise enough to cause ground-water drainage into formerly dry stream and storm-runoff channels. In such areas, most of the return flow may be dissipated in this way, and only a small amount may ultimately reach the principal aquifers. On the other hand, most of the recharge from return flow on alluvial fans around the margins of the valley (particularly to the west) should ultimately work its way down to the principal aquifers.
The quality of water is generally degraded in use, and significant recharge from return flow may therefore degrade ground water in the valley. The entire ground-water basin is a valuable resource, and should be protected to the greatest extent possible; however, high-yield aquifers along the northwest side of the valley that contain good water probably constitute the most valuable part of the resource. The water-quality monitoring network should be designed to insure adequate protection for this area.
NETWORK FOR MONITORING GROUND-WATER QUALITY Site Selection
In total, 185 wells and one spring have been selected as candidates for the valley-wide monitoring network (plate 1, figure 2, table 4). During the selection process, an attempt was made to attain an acceptably even areal distribution of wells tapping each of three arbitrary depth intervals: the shallow water-yielding zone less than about 30 feet below the water table; an intermediate zone about 30 to 200 feet below the water table; and a deep zone more than about 200 feet below the water table. ^ This arbitrary subdivision of aquifer materials was based on the following considerations: Ground water in the shallow zone (0-30 feet) would be the first to feel the water-quality impact of land-and water-use practices in the valley; ground water in the For each well, the assignment of zones is based on the vertical position of the producing interval(s) relative to the static water level (table 4, columns 4 and 5, respectively). Despite the fact that static levels do not necessarily coincide with the water table, the degree of coincidence is in almost all instances considered adequate for purposes of the selection process described in this report. intermediate zone (30-200 feet) is commonly tapped for domestic uses and also would reflect the downward migration of poor-quality ground water toward the deep zone; and ground water in the zone deeper than 200 feet is the resource most commonly tapped for public supplies. The three arbitrary zones are related in a general way to the hydrogeologic categories defined by Harrill (1976, pages 9, 11) and Kaufmann (1978, page 26) for the central part of the valley: The shallow and intermediate zones used in this report are together comparable to Harrill 1 s "near-surface reservoir" and Kaufmann 1 s "near-surface zone" to varying degrees, whereas the deep zone is similar to Harrill 1 s "principal aquifers."
The term "shallow water-yielding zone" can be misleading. In the topographically low part of Las Vegas Valley, the zone is shallow with regard to depth below land surface (less than 10 feet in places) as well as depth below the water table (less than 30 feet). In peripheral upland areas to the west and north, in contrast, the shallow water-yielding zone remains, by definition, less than 30 feet below the water table, but it can be more than 500 feet below land surface (the extreme among wells listed in table 4 is S22 E60 16AAC1, with a static water level almost 560 feet below land surface).
Among the 186 sites chosen, the vertical distribution of perforated or screened intervals relative to the water The areal distribution of sites, by zone, is shown on plate 1 and in figure 2. More than one-third of the sites are in T. 20 and 21 S., R. 61 E. the central part of the valley. In many peripheral areas, contrastingly, the number of available, suitable wells, particularly those tapping the deep zone, is much more limited.
Overall, about half of the candidate sampling sites provide water for either public or domestic supplies (table 4). The ground-water system in Las Vegas Valley is a dynamic one, as discussed on pages 5 and 7. Thus, the position of producing zones relative to the water table for individual network wells can change with time; for example, a well that currently produces from the shallow water-yielding zone could eventually become an intermediate-zone well, or it could go dry, as a result of future fluctuations in water-table altitude. As a result, the network itself should also be dynamic, with new wells added and old ones retired to keep pace with the changing hydrologic character of the ground-water system.
Water-Quality Characteristics
Water-quality standards or guidelines exist for a variety of water uses, which include drinking, domestic, commercial, and industrial applications, irrigation, stock watering, and water-contact recreation. These criteria provide a basis for the choice of characteristics to be included in the monitoring program for ground-water quality in Las Vegas Valley. Among the most restrictive and important standards are those for drinking water, which are listed in table 1. Additional items that are of concern for irrigation include the concentration of boron (chemical symbol, B) and the proportions of calcium (Ca), magnesium (Mg), sodium (Na), and alkalinity (carbonate plus bicarbonate). Calcium and magnesium also are important for certain domestic, commercial, and industrial water uses. Their combined concentration, expressed as calcium carbonate, is known as water hardness. The concentration of silica (8102) is an important factor for boiler-feed water and certain other industrial uses. Nitrite, ammonium, organic nitrogen, and phosphorus, along with nitrate, are commonly present in sewage effluent and can therefore provide clues to ground-water contamination by such fluids. Similarly, organic carbon has proven useful in some instances as a "tracer" of contamination by organic compounds.
Determination of the constituents and properties discussed above will provide valuable information on the suitability of ground water in Las Vegas Valley. In addition, the periodic monitoring of many of these characteristics will indicate the magnitude of seasonal fluctuations and long-term changes in ground-water quality that are associated with natural processes and maninduced alterations in the valley the latter of particular concern.
The role of tritium as an indicator of percolating surface water in Las Vegas Valley is discussed in detail by Kaufmann (1978, pages 101-114) . Periodic determinations of tritium, particularly in ground water from the deep zone (page 9), hopefully will augment other information in signaling the onset of contamination.
In summary, table 2 lists several groups of characteristics that are proposed for the monitoring program. Not all the characteristics are intended for determination on the water from all sites listed in table 4. For example, the expensive tritium analyses (group 6) would be restricted to selected deep-zone wells, whereas the expensive pesticide analyses (group 7) would be reserved largely for selected shallow-and intermediate-zone wells. The assignment of determination groups by depth zone is indicated in table 3.
Determinations should not necessarily be limited to those listed in table 2. For example, if the analytical results for a specific well water indicate or suggest the possibility of contamination by organic substances, the array of determinations should be expanded for that well, particularly if the well provides a drinking-water supply. : 1975, p. 59570-59571; 1976, p. 28404; 1977, p. 17146) . The proposed initial sampling frequencies differ with water-yielding zone and determination group (table 3) . For example, ground water from the shallow zone is most likely to exhibit seasonal fluctuations in quality, making a quarterly frequency advisable, at least initially, for the most inexpensive determination groups. In contrast, water from the deep zone would be expected to show little if any seasonal variation in quality, which would justify a more economical once-per-year sampling frequency. The frequencies listed in table 3 apply to wells producing exclusively from one of the three wateryielding zones. For wells that tap more than one zone (page 9), the assignment of determination groups and sampling frequencies is based on the tapped zone closest to land surface.
The long-term assignment of sampling frequency should be flexible, depending on (1) water-quality information obtained during early stages of the monitoring program, as well as (2) * Does not include wells described in footnote 2. P Selected wells with perforations or screens that include the depth interval from 30 to 50 feet below the water table.
Sampling Techniques
An important part of any water-quality monitoring program is the proper collection of samples. The goal of the proposed program in Las Vegas Valley is to ascertain the character of natural ground water, not that of pumped well water sampled following (1) storage in the well or at land surface and (2) chemical treatment such as softening or chlorination. Therefore, certain precautions and special procedures are necessary to ensure the collection of a sample that is truly representative of the ground water. The two most important considerations are a proper sample-collection point and an adequate preliminary pumping time (along with a careful documentation of both).
Sample-Collection Point
For wells with permanent pumps, the only acceptable collection point is between the well itself and the adjacent storage tank or water-treatment system. If no faucet exists at such a site, one should be installed (with the well-owner's permission). For unused wells without permanent pumps, samples can easily be collected from the portable system used for preliminary pumping.
Preliminary Pumping
A well casing with an 8-inch inside diameter and a 200-foot water column contains up to 520 gallons of water from the aquifer, much of which has been in temporary storage away from its natural physiochemical environment since the previous pumping. There is no way of ensuring that the chemical and physical character of this water is comparable to that of ground water in the sedimentary deposits tapped by the well. Thus, to obtain a truly representative ground-water sample, a well must be pumped long enough to thoroughly purge (1) its initial contents and (2) any ground water outside the screens or perforations that could have been chemically influenced by previous pumping.
Because casing diameter, water column, length of perforated or screened interval, and pump capacity differ greatly from well to well, a minimum pumping time of half an hour, prior to sampling, is recommended as a guideline for all network wells (prior permission of the well owner is advisable). During the period of preliminary pumping, water temperature and specific conductance should be measured at 5-minute intervals to verify that physical and chemical stability has been attained prior to sampling.
SUBSIDIARY RECONNAISSANCE OF GROUND-WATER QUALITY
In addition to the valley-wide monitoring network described above, a subsidiary program is proposed to provide (1) a more extensive base of carefully collected data on ground-water quality and (2) current information regarding wells for which historical water-quality data exist. To be eligible for inclusion as a reconnaissance site, a well would have to meet one or both of the following criteria: The availability of a reliable driller's description of sedimentary materials penetrated and well-construction details, or the existence of trustworthy historical data on water quality. In addition, an adequate sample-collection point must be available, as described on page 14.
Reconnaissance wells would be chosen and sampled at a rate of about 25 per year, beginning in the second year of network operation. Water-quality determinations made for a particular well water would depend on the wateryielding zone(s) tapped, in a manner similar to that documented in table 3. Additionally, each reconnaissance well would be resampled (at the same time of year) once every 5 years, to provide supplementary information on waterquality trends.
MANAGING THE WATER-QUALITY DATA

Selection of a Data-Management System
Section 106 of Public Law 92-500 includes a mandate for data processing as well as data collection in monitoring programs, and a system for processing data on ground-water quality is proposed as a component of the network for Las Vegas Valley. The function of the data system is to make information from the monitoring network available to managers, planners, and other interested persons. The system provides the interface between persons operating the network and persons needing the information. Following the recommendation of Nowlin (in press), an automated, computer-based, data storage and retrieval system is proposed.
Nowlin considered three options for establishing an automated system for data on ground-water quality: (1) Develop new computer software, (2) purchase or lease a proprietory data-management system and modify it for specific monitoring needs, or (3) participate in an existing data-management system for hydrologic data. Nowlin concluded that the third option was the most attractive. Additionally, he examined three existing data-management systems, and the results of that examination indicate that the Geological Survey's WATSTORE system is best adapted to the needs of a network for ground-water quality.
Description of WATSTORE Files
WATSTORE (the Water-Data Storage and Retrieval System) consists of several files in which data are grouped and stored by common characteristics and data-collection frequencies. The system is also designed to allow for the inclusion of additional data files if the need should arise in future years. Brief descriptions of the WATSTORE files pertinent to the monitoring network are given below.
Station-Header File
All sites for which data are stored are indexed in the Station-Header File. This file contains information including the site-identification number, latitude and longitude, local site number, site type, hydrologic-unit code, site altitude, well depth, geologic-unit code, and aquifer-type code.
Water-Quality File
Analyses of water samples that indicate the chemical, physical, biological, and radiochemical characteristics of ground water are contained in the Water-Quality File. The file stores intermittent to periodic waterquality data exclusive of once-daily and continuous measurements. Data types are stored according to one of about 2,000 parameter codes describing the water-quality characteristic, the type of sample, and the method of analysis.
The file is not restricted to data for samples collected and analyzed by the U.S. Geological Survey. Information from other agencies can be included if documentation shows that the procedures for sample collection, preservation, and analysis do not differ markedly from those of the Geological Survey.
Ground-Water Site-Inventory File
The Ground-Water Site-Inventory File contains inventory data about wells, springs, and other sources of ground water. The data include site location and identification, geohydrologic characteristics, well-construction history, and field measurements such as water temperature.
Other Files
Other WATSTORE files with potential applications for the monitoring of ground-water quality are the Unit-Values File, Daily-Values File, GroundWater-Level File, and the Satellite Data-Collection File. The Unit-Values File is organized for efficient processing of data from analog or digital recorders, such as water-level recorders, flow meters, and multiparameter water-quality monitors. All water characteristics measured or observed on either a daily or continuous basis and numerically reduced to daily values are stored in the Daily-Values File. Data on ground-water levels collected intermittently to periodically (up to once-daily) are stored in the GroundWater-Level File. More frequently collected water-level data are stored in the Unit-Values File. The Satellite Data-Collection File processes data relayed by satellite from remote sites.
Use of WATSTORE Files
Data Display WATSTORE can provide, upon request, a variety of useful data products to meet diverse needs. These products range from the simple retrieval of data in tabular form to complex statistical analyses. Users most often request data from WATSTORE in the form of tables printed by the computer. These tables may contain lists of actual data or condensed indexes that indicate the availability of data stored in the files. A variety of formats is available to display data on ground-water quality, site inventories, and ground-water levels.
Graphs and maps prepared on computer printers or digital plotters are also available from WATSTORE. Computer programs are available to produce bar graphs, line graphs, frequency-distribution curves, X-Y point plots, sitelocation maps, and other similar items by means of line printers. WATSTORE also makes use of software systems that prepare data for digital plotting on offline incremental plotters. Plots that can be obtained include hydrographs, frequency-distribution curves, X-Y point plots, contour plots, and threedimensional plots.
Data in WATSTORE also can be obtained in machine-readable form for use on other computers or for use as input to user-written computer programs. These data are available in the standard storage format of the WATSTORE system or as punch cards or punch-card images on magnetic tape.
Data Analysis
In addition to the display of data, WATSTORE offers software for analyses of data. WATSTORE uses a collection of computer programs known as SAS (Statistical Analysis System) to provide extensive statistical analyses of data, such as regressions, variances, transformations, and correlations. Additionally, software is available for chemical interpretation including trilinear diagrams, pattern diagrams, bar diagrams, line diagrams, and irrigation-classification diagrams.
Data Access WATSTORE data and application programs are maintained on an Amdahl 470V/7 computer at the Geological Survey's National Center in Reston, Va. Access is via one or more remote terminals maintained in 46 District Offices of the Survey's Water Resources Division, or through terminals of other authorized WATSTORE users. State access may be obtained in one of three ways: (1) By cooperative agreement with the District Office, (2) by WATSTORE membership, or (3) by acquisition of many of the WATSTORE programs for use on State computer facilities. With the first option, data input to and output from WATSTORE would be made through the Nevada District's terminal in either batch or timesharing modes. Data input may be prepared on State facilities and transmitted by direct telephone link to the terminal for relay to WATSTORE. Data may be retrieved from WATSTORE and relayed to State facilities or may be printed by the Nevada District's terminal. Under the second option, WATSTORE access would be direct via State terminal facilities. Under the third option, desired WATSTORE programs would be obtained from the Geological Survey for installation on the State IBM computer system; support and maintenance would be performed by State personnel.
Importance of the Data-Management System
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